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@
CalcubtiOXI of radiationc1osaq’~tothe thyroidsaf shee? @eg*

@ fall-outhaveb~enmade dsevvhere(1). It was thereconcluded

that thesedcses,werenot larqeenm!.;i?to amount for deathsamong

the animils. It is ucntendedhere that altho~-hthe

in the thyroidservesas an indexCX tatalradiation

thyroiddose is but ma of severalpossibletype:Jof

activity found

exposme, tha

internalirradi-

ationwhichwill oomr when lxx~esticnof nixed fissim prcductsbaa

taken ?IACQ. Ths most importantot thes~appearato be th~ dose to

the bcnemarrowfrm longlivedisotopeswith SUJNbiologicalturnover.

This eff~athas ~*merall.yb~en ucasidercdto be chronicin character,

but it appearspossiblothat ‘shorttemtieffectsmay alsooc;urif

tha oOTNXntrations axwsu;ficientlyhigh md th3 mitters are of

wderac ly lmg half liIe. Strong etz~~nc:: (Ifb~n~~; row d~gz h.s

been fcl.mdin sa.-,iplsgtakenfrcm th~ skeletonsof several of Wxia

animals and subjaotedto histopatholqicalexmdnatim (2). This

acompanies thisavidenceof thyroidand other~afw ah o ~s~~~ds .

and is undoubtedlyof ~reat“:r importance than the I.atti’rtothe survival

and weU ‘x- of ths animaL Theseobsexvaticnsandthe calculatims

~.scntad here comtitut.~ratherstrm+ arguments<or the cmclusion

that radiaticnsff-Jct3 playedan important

mortalityo?xervedammn the aninals.
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The calculationsare based on the onlyavail.a..leexperimentaldatas

a] the concentrationsof activitymeasuredh thethyroidsscmeweeks

after the fall-outs,and b) the dose ratesb air as m~=~d ~ the

fall-outareasat the timethe fall-auts occurred. me only additi-1

assmpt ionsare:a) thattha i’issim prcmuctuixtwe contain.xithe same

relativeproportionsof se.-eralradioactivenuclidesas are calcslated

by Hunterand Eallm (3),and b) %at the animalsat~ 2m m dry

vegetationpx day and rs=in:d in 2 fall-oatareaf’oz”abcdt30 d%”~●

(The latterassumption c .n h rd.axed smmhat and chcrtm axpmmc

th~s be -a~dj it can stillba Amwn ‘dlat#a givm t&rGid activities

implyhigh cmcentratia’mof

p:riod). In additiontc the

8sttites ar~ ~de & a} t!!le

zctivity in tha bona ovtira caxdduiable

bcne narrw acticitycalculations,rm.;h

totald05e tx the intestbd wall frm
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in tha fouauing d$sewsdaT.u5.

L @ ~ma 4BfrciQ

# int?&yr4?id-sb!Bt9. xL&mThyrQifi*



Let A#) = Acttvity#1 d/m per 10,000fissions.$

.4(t)= Totalactivityof fissionproduots,d/EZper IO,CXXIfissions~

u(t) = Totalactiwityof fissionprmhzctsin the -es, #c/ft2

I+%nthe area,pc~ft2~(t) = Activity

u = Area,in ft2/day$~az~ W ~he~?p

P = Fraction91 cat..whichgo..to thyroid.

If tlv.fi~d.onproductsin the areaam no$ ~~m~td$

U(t) * +)

‘m ZJG

andthtIathea%Knmte PWWfW@x tothe~idtitietimpb

q(t) o pq+t). . # ● **** e**e ● 0 (~)

P; o pqu(t) (t -

(t)

(d in tkyroidat

AlsQ, from H. MW?ker, * (5)
●

any t4111@t (c@s)

a

Wkxw 6 = &ma rate,mq#tw@ to O-J the dot dmzt~ the t3me derivat~m

@f D.

L%tt
m=gof-gm

%=awmge enwgycd b8taxwMatSm8 W

(allradiattonassumedabsorbedin the ttmus).
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ThU8f’xum(2) d (3),

tsJIlsand th totax do- Moeivab

Fmmret (3), Ax(t) is of the fom

+) - kf-?t - k2a ‘+$ ● ******m* ● (5)

u$th

5 = 000205 ~ - CMo3n t = tliae after fltsdon, days

th46e@orli t8rm-&rxi8tMxdta’= wh9mwMn@Ba’t4fi8ineeifJuti

w 4 d$m, W i8 ini!mfied).

A(t) is of the formA(t) u kt-n

!l!hm,14#ttA33gii - (MO Mm. m = XL gn,
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W?Afi - R (kpw - k#2b
o

tith a 8ciWtl@n

-3 (9.0 x 10-%]

,[
3*9 - R Q.o%zi (O*W4) - 9*37 ~ m

0 0JM355
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othar Ibamrcd quultity, tbt

better wkl..e for ettlwr p or q

retaind, aeeme a consemtive

knwn qpant$.ty,one oan aocept

d’ the *O rate, aa about 20 I?Ir/hr, a

nut ba ohosah Sinoe p, tlm fraotfon

wtimate at 0.20 awi is a ftily well

ltaxis*e whatvabtiqwtil@ to

the val.ua of q hpliod w tie masurad AD dose mt(s, which is

U(i,) = =(807) - N’0#@t2
A

Then

orafaotor afabout4aan0ted.

It b ewident

the dose rate

W$301inormtae

thatuhen tMs58ap@Ldti*- 2efMJe,wkroonly

inairat 305hriskn=%w8bwe Srlarea@omrti

the dose wtlmate by the samefaotoro TM figureof $2 ft2@ay

wtma mm reaaonahle thn that of 20 f’t2/ilay.Zf ma kee~ the amnmptim

Uf 2om @a totalVagetath Oat@n

area oo@aSJMXIalxmt25 gI#ft2 of

-Oodtdwall kraeaterlnm’a

k suggestai that ody a fraotion

edtble dxT vqphat$om Alternatively, the

-m @I=** Itzld.gwof c-e

at the ffi~n PXYMU&# PW?S%ntOn each

z.ooalitiesa ‘ma is probably not had, dnoe td%etherth
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Ve*ttin * dken In g muall area or ovur a large on, the quantity of

flsdon prodwt8 $13&mtedM propartimal tcttha &rsa of @intiSurfaoe

eaten=th- thanthe gxvurdmvwwdg as long as thu dopoaitionwas

elm!lfartitheazxbalaatein thesa=mwmr. One mightassumethis

eff@at&va(MoU@Oal + YwMsaOMve) MM

&s@ mmdatad Iim4!nay WJ8 be & genew?mm aatbatat

abwerupkke figwrawddwt~a f$4gtmd-

aawsmedStdxk

Wm basadon

furtherh d.zuagrtt$emuimt

the dosw ratesmeamwd

onthe otherhand,

ad rotant$on rate

to? groundMM3Mwstm-

U4ng the valueuof dx dose rate d q tih ham beendbowmd,

as k XQBf(1). Them
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uptake

am Ilexim -m retalti.m ad Mgher CkmagewWmild have aemr%wie
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@f Mxuw8t U @IdNJd out h ref (1):in add$tion,it ls Uwddwltthat

[ -0.792(U5) *w92wJ4#w9x@8
(%09) (o) (Q)

‘%+$(”)a“’(”)“=

shot2s



‘mimm!m
afiu#2diomfrom$ntestldt tract to t~id is 2A b. To alloufor

D*
+0-0)

For 15hot28

II* 13JJ260) - 3~P

Thee latter dosefp alZ oocnmw$thin ehort timq of tb ordw of a week

OP lees,awl tiw m ~ Wmoe in the fomi of Mngdng aot$vkty. W oan

amuntsof ths varioua



Spote.

Thedos@aatimte$ inpf@8c&~a- --**-M3f@~n

@f I?%vwtheentiraPta’iod. E ingddon U#a8edaftalrabout30 day’sp

but tha += ramaimlinthethymti,-~~ bemwller$an

ed&atomXywl XLba4ahsmof anOthwfMtar 8fabmzt L3/9. Hcmmr$

it mustbe a4haMMl Ulatthe doaefYasatlwx% Uhiahinmlallpm

Pthe total # &80, i81?#aiYedwith4ntb8clma@ @fa4veralhaxfliYw

@ T#2, w etmxk9 dqw$ whib that CM to ~ is mdved dwriwg dmti

in (!iazCtiiating* U@akesof mwt Iiwd XumLMdUto fix thi8 tiuao

Itism’i@ntthattl Mt@tals80uzd ham bae’nashi@la89,mOrep, azzi

pmbabl?fmcfmded&,SCIUaThis 549s%* emmwattve, twnsi$cwingthe

llathmthan total&Msa m dew robs, wmuntmt$ana in ~ for the uI@e

ardiuaxW2u ba eatiaaixd, M it ia f’diktthat ** figuresam EIQm @MLa*

interprettxb Thudata 023uptakeand muklMa@mfn & HammOn(A)

will ba Vned * & Iwsis for ewazuEMrlgthdl? r!iwliwwXJnpCJrtarwe.Data

on mmmzatfva C$wq and chain X%Blatimfshipaare frmi rat (3)*
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x$2**. \ * 7049x 29-54# ~ u 3*47x M-3 *-1

K-2.69XM -5 poo.xo I?O-l*

shot9$

‘ -%%%s) @~) --

Theuptah6fSr%18ne@gSMLe2r3 auiqu%mldihthataf

3. d% ~ w1s733 & w %47X MI-3 k - 0.6!cL
a

HaPe#p$a44

22f!MiMa“ 3.47 x IO-J
9’2Th*builLl%%pa.fsF

(lay&E

shot 9$

t s 0.!%

as Q&&

day*dzxmt him$8a8hal%M edl!lw!ude*

(*-l*mt_* -3i,m-o.oox7@-tJ )

re@ms a peskad tm?aafdllaoff within W?mM’al

341 2d
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Shcrt 2s

6, Baw. udng qlation 8, @..

~ * M&lx 30-2

$-w d.393tMr2 JpW29
50

ShQt9$

* . 93(0.0=9) (0.32 - os159)
1.39 z IO-2

Shak 2a

##o -* * the ?Xmfh RI

the 8@nmntmN&n’1 of +’ using

A3 - W&6 Timm as MfbaW
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hi a

from

seen

,

cheek,one may tmtimate a W thickness

the absorptioncurvein Al. (me Table).

valuefora givenenergyspeetrum

Usingtha FeatherValw, it is

that for d = 1 cm, the valueof pd for theseinterralsexoeede6 and the

cylinderbehavesMe an inflnltoslabwith respectto salfabsorption,for

which ( =r.

If one

mucosawhose

6 ): I sAJ+..... ● ******* ● ***O,* (u)

takesall the betasto be absorbedwithiua 3nnIshellof titest~

densityis about1 gm/&, the totalmasa of irradiatedwalla

be 690m gm. The totalareawillbe a2Mrl=2(XXl&, mdth. totalfluX-
.

be IA, or

Slncait has been assumedthatthe sheeptuma mar 2000 @q/day, thb

amount is always in the intestine,with ite aotitityfa~ off as AT(t)= A~a(@:n

are takenas constantto a firstappradmation.Thanforthe
.

to s 0.15 day and ATO = 2300jW@2,

l-% t%)

D = 1.7 (2300)E

3 ~ni~(to

“Z ( ni - 1)
s i=l

shot2 caae~ where

● . . . . . .. (25)
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For

i to

1 o*ud

2 1

34

Thus the

D%

s

Xt is of

day, MO

the pmiods nnderOonsldaration,

t ‘i
Ffm z%

ld 1.22 1.9 WV 0.75 htev

4 1.25 1.2 o.~

30 0.98 0.85 0.29

totaldosein 30 d~, D, is

(ref.7)

d (abe)
+

d~(Feather) pi

0.10 gm/oR? O.llga#u# 6.4 em-l

0.05 0.06 XL

0.03 0.04 Is

1.7 (2300)(0.030+ 0.047+ 0.Z33)

$20 rep for shot2, and 820/13Q4s @ mp for shot %

interestto notethat KO rep of the shot2 dose oooursin the first

rep betweenfirstand fourthday, and the remaining520 rep in the

fO~Owing 26 days out of 30, and sidlarly for shot9. ~ti of Oo~se mot

be consideredas more than an orderof magnitudecsbulationin view of the

assumptions,but it doesillustratethat iirathersignificantdegreeof damage

couldooourin this radiosensitive am%

& ~ak. Severaloaseswere reported(8)of animals

with activitydepositedon head,abdomen~etc~ If one assumesthat thisde-

positresultsfhom contactwith the ground,pax+doukrlyaroundthe mouthand

head, one am caloul.atean extremeo-mefor exkernalbeta exposurefrom this

materialby assumingthatthe materialwas depositedat the beginningof the

exposureand remainedthroughoutit. In addition,an axternalbeta exposure

to the head * the grounditselfoan be estimated.

lb the firsteasean 8 July dose rate

of an animalis takenfhwmref. 76 Thi8 is

ings given.

readingof=mrb etaon

the hSghestof the group

the head

of read-

9 ● Q (16)

w



Let 42: 0.05 rep/hr
‘2

= 26d ~ : 0.15d

= 5(25) (o.W8) (24) (o.%)

=280 rep.

If a comparabledeposithad ooonrredon shot 2 wherethe levelof contamination

was higher,one mightestimatea dose of280 (13.A)s - rep for a similar

body area.

Ih?tmthe grounditselfone oan make a similarguesB;here one wes the shot

9 figureof 20mr gammaat 3.5hrafterburat as a beginning.’Eetimatesof the

ratio of ionization from betaradiationto that of gama ti fall-oukfields

range f%omabout20 to

same time interval.and

beta,then D :280

RMle if the ratiowas

L$Oal,at the contaminatedsurfaoe(ref.9). UsiUztie

a doserate initiallyof ~ : (0.0~) 20: O.@ rOP&
%

(o.@)A5 : 4*5 rep beta
.

I@l, -l)tl :

and D :&Ml x (2.8)~Ss 32 rep beta

for shot9, with a comparableexposure

85 (0.020) W :2.8 rep/hr beta

aftershot2 Of

D s 60 - 430 rep beta.

Suoh dosesprobablywould be only to areasarcn@ the mouth,and wouldof

coursebe in the superficialtissuesof the skin.

s~osed ~ Scxae figures for the

IU1 activltieeIn sheepthyroidsamplesoountedIn tlxfsLaboratory(10)and

the correspondingdose estimatesmade on the basisof partsA to H will be

finallylisted. They are lowerin all.caeasthanthe dosesoaloulatedin

partsA to H. ,,



Bullookn

0.550 gm sample. 29,100C- on 19 June @% eff. Uounter

Aotlvlty in

Activityin

If exposure

-id on 19 June,O.ti#@

11 gm thyroidat death,1.0P“”

occurredat shot9$ the rate of intakeof 1*1 at 3.5 brs was2

R (t)s 186x ~ (0.017)s 0.81~a per day.

Dose to the thyroidfrca shot9 @lI D s ~ (203): 52 ~P

similarly,

cony #5. Shot 91~1:D:!52x~:69~
29100

Mllook #3# Shot91U1:D=52x~ S34FISP
291

Webster *3. Shot 9#%D:52x~ :21FSP
291

Three otheranimalswith loweractivitieswere listed~

If one amnues that theseanimalsingestedand retainedthe otheriso-

topes in the same proportions as oalou13tedfor the Hiko = CedarCityanimals,

one may estimatetotalthyroiddoses,bone oonoan%rationof otherisotopes~

fissionproductbeta dose to the .mt wall and externalexposure. Thiswould

apply to Shot 9 whichis assumedto ham produoadall the aotivitydeteoted

in the thymMs. Theseresultstogetherwiththe total.for the Hiko- Cedar

City animalsare summedup below. If the animalswhose sampleswere oounted

here alsoreoeivedanotherexposurefrom an earliershot or if theseIU1

aotivitlesthemselvesresultedfrom an ear~er shot it wouldmateriallyin-

oreaaethe dose estimates. It is not knownwhetherthis oocurred,but the

conditionof the tissuesobservedhere seemsto iaplyhigherdosesand 00*

centrationethanwouldhavs resultedfromShot9 alone. Ifa Shot 2-~d9

exposureooourredwith a ratioof fall-outIntensitySld.larto that for the



Hiko -

of 10,

CedarCity case,thanthe doseswouldall be Increaaed~ abouta factor

as is seen in the firstseotionsof thisdisetasaion.If !3UohWasthe

89
ease, bone sanmles of the animals would 80 indioate by the aotivityof Sr

and Y91, whichwouldstill* presentand would@old valueshigherthanbe-

low indioatedwhen extrapolatedbackto time of exposure. However$suOha

determination appearsimpossibleat this tine.

Total 1; Thyroid

Srma Bone

g=’?o

~r91

~9z

~aw

~u’o

Gut Wall

Mouth,External

Bullook
#1

0.02

2.4

5.1

2.$

0.4

15 rep

l-8 rep

Corry
#5

Zoo rap

2+4 /.lC

O*O3

3.2

6.7

3.7

0.5

20 rep

l-xl

Buuoolc
#3

100 rep

1*2 o
r

0,01

1.6

3*4

1.8

0.3

10 rep

O*7 - 5

Webster
#3

60 rep

0.7 c
P

0.01

1.0

2.1

1.1

O*2

6 IWp

044-3
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1. Usingthe data f’rm ref. 1, an estimationof smmal additional

dosesto the Hiko - CedarCitysheepexposedto fall-outfrombothShot 2

and Shot9 is made. It is contendedhere that the ~oid dosewas higher

thanref. 1 indioated,and thattotalloadsof otherisotopesin the bone

were of evengreaterimportancethanthe thyroiddose. Some irradiation

of the gut appearspossibleas well.as 100al,moderatelystrongexternal

dosesto mouthand head.

a. Totaltbyroidbetadosefrom both exposureswas estimated

at L520to 9000rep (4 isotopesof iodine).

b. Maxixumaonoentiaticmsin the bonewere estimated,at times

Indicated, of~

Sr89 (53dhalf life) 99pc ~ day bwb,

SrW 25P 1 pc 27day levels,

&91 9.7hr half life Uo pa I*level

day 290pc bday level

day MO,uc 27 day Iewl

40 hr 22 p 27 day level

bothshots

bothshots

}/

1)

1/

!1 -

Totalbeta dose to mucosaof smallintestinefromfission

wholeon the orderof @ rep.

localdose aroundmouth and head as high as Id rep from cling-

es high as I@ o Id rep fkomthe ground.

Totalexternal.gammadose negligible.

2* On the basisof data from @aid sample countingdone in this

Laborato~, slnilardosesto severalanimalsexposedIn otherareasamJ oal.-

aulated~ TMs is done asmatng the aotitityin the -id on the date of



of

be

the above. NO reasonable estimataof exPosuredue to w othershot oan

made unless further information is availableon theseanimals.

Alternatively, the activity in the thyroidoouldhave beendue to an

exposure Mm an earlier shot. This appearsmore

mre$ given the observed pathology In the thyroid

animsik. For example,a continualingestionfYom

likelythana Shot 9 expo-

and bonemarrowof these

Shot2 untildeathof the

animals on 4 June (withno exposurefrom othershots),wouldimply an ini-

tial ingestionrate of about400 pc/day. TMs wouldba consistentwith ti
i

the aboveassumptionsif tl-.esheephad been

gammadose rateat 3.5 hm had been about2

a. Totalth.~id dosewouldhave

in a falhout areawherethe

r/hr● Undertheseconditions:

beenabout32000rep from IU1

alone and m high as 90000ren from all I isotopes●

b. Concentrationsin tho bonemighthave reaohed2.5 IUOof Y91~

880PO of SrB eto. for the totalanimal- a faotorof 9 higher than those

calculated for the H&o - CedarCity ease,and a factorof about54.0higher

than the assumptionof a Shot 9 exposure to theseotheranimalsindfcates.

C* Out dosesof about1~ rep betamighthave occurredas well.

Thesetwo extremesprovidea measureof the rangeof

It appea~ likelythat an wmosure did occuraar~er -

bablynot as earlyas Shot 24

possible doses.

Shot9, but pro-

3. It can be eonoludedthat radiationdamageocourradwith the above

doses,althoughperhapsnot in aufficientdegreeto be a primeoauseof

death. However,the animalswere probablyweakenedenoughto succumbto

otheroaums whiohwouldnot have been lethalin themselves,and newborn

s



‘-
. animals were almost omtainlY hsrmed by &h theirown and theirmother~s

exposureB,whichwouldaccountfor the increasedmortalityd’ younglambs

observed. The datais s&@y

conclusionseemsreasonable.

clearexampleof the i.ntwnal

and the estimatesadmittedlyrough,but this

It is felt ‘thattheseexposuresconstitutea

hazardfrom fissionproductfall-outsin which

protrmkd ingestionof the materialmay take plaoe. Althoughthis h8ZtXFd

is of coursemaxinizedfor a grazinganimal,tha relevanceof theseexpo-

suresto suchhumanproblemsas water supplyand orop oontmd.nation should

not be overlooked~

(w’
G. A. soNDlws
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